Objective: A meta-analysis may provide more conclusive results than a single trial. The major cost of meta-analysis is the time of waiting before the meta-analysis becomes available and resources spent on consequent trials that may not be necessary. The objective of this study is to address how often the result of a single trial, in particular the first trial, differs from that of its corresponding meta-analysis so as to reduce unnecessary waiting time and subsequent trials. Study Design and Settings: A meta-epidemiologic study was conducted by collecting meta-analyses from the Cochrane Database of Systematic Reviews and five major medical journals. Effect size of a single trial was compared with that of its corresponding meta-analysis. The single trial includes the first trial, last trial and any trial randomly selected from the meta-analysis. Results: 647 meta-analyses are included and the median number of trials in a meta-analysis is 5. 233 (36.0%) meta-analyses have the first trial with a statistically significant result. When the first trial is statistically significant, 84.1% (95% CI: 79.4%, 88.8%) of the corresponding meta-analyses is both in the same direction and statistically significant. When the first trial is statistically insignificant, 57.9% (95% CI: 53.2%, 62.8%) of the meta-analysis is also statistically insignificant regardless of direction. The median number of years is 6.5 years from the first to the 5 th trial.
particularly in some urgent, life-saving or other critical circumstances for which no other effective methods are available, cautious recommendation based on the significant result of the first trial seems justifiable and could start use of an effective intervention by 5-8 years earlier.
Introduction
Randomized controlled trials are generally viewed as the gold standard for evaluating the effectiveness of medical interventions [1] . The first trial on a topic, say the effectiveness of a new drug, is usually considered non-conclusive. Consequent trials are then conducted either to confirm the finding of the first trial in a similar condition or to see whether the finding may vary in different circumstances, such as in different ethnic groups of patients and/or in different care settings [2] .
When a number of trials on a topic is accumulated and in particular when the trials are generally small, the meta-analysis is often used to combine the results of the individual trials in order to draw a more reliable conclusion supported by an increased statistical power [3] . As there are no clearly defined and widely agreed rules and methods to discontinue new trials even when the evidence is clearly sufficient, new studies may continue to be conducted as long as investigators like.
The major cost of the lack of stopping rules is time as clinical use of the tested intervention may have to wait for years or even over a decade before the so-called conclusive result from a meta-analysis of all trials become available [4, 5] . Nevertheless, in many cases, recommendations or guidelines are made based on a single large randomized clinical trial, experts' consensus, small studies, observational studies, or registries. For example, the latest guidelines on noncardiac surgery stated that when no trials were available on a specific cardiacmanagement regimen in the surgical setting, data from the non-surgical setting were extrapolated, and similar recommendations were made, but with different levels of evidence [6] .
The other major cost is resources spent on consequent trials that are unnecessary if the first trial (or the first few trials) has already provided reliable evidence for action.
The waste on conducting consequent trials and years of waiting could be large. For example, a cumulative meta-analysis in 1992 in the New England Journal of Medicine [7] showed that based on 20 trials and 6,935 subjects, intravenous streptokinase for acute myocardial infarction was shown clearly effective (P,0.001) before 1986. After that, 13 more randomized trials with a total of 30,039 patients were conducted, including two very large trials which had a total of 28,899 patients in them. However, the conclusion remained almost the same qualitatively and marginally different quantitatively. This seems to suggest 81% (30,039 out of 36,974) of the patients who were subjected to the trials are probably unnecessary. On the other hand, ineffective or even harmful treatments continued to be used in routine practice [7] [8] [9] [10] .
A recent study showed that the result from the first three trials would be good enough, implying clinical recommendations may not have to wait for so long for the meta-analysis [11] . Rapid reviews, that limit to particular aspects of and compromise in the breadth or depth of the systematic review process, have been proposed to provide ''quick but not dirty'' evidence [12] . These highlight the urgency for more speedy review and provision of evidence for clinical decision making.
In this study, we hypothesize that in some circumstances even the very first trial can well predict the result of meta-analysis and play an important role for practice in particular in some urgent, life-saving or other critical circumstances for which no effective treatments are available. Hence, the objective of this study is to explore how often and when the result of a single trial, in particular the first trial, would agree with that of its corresponding meta-analysis. As often a clinician may have only the most recent study or any convenient study in hand, we also examined how often these trials would predict the result of the meta-analysis.
Materials and Methods

Sources of meta-analyses
A meta-epidemiologic study was conducted and the meta-analyses of the current study were extracted from 2 sources, namely (i) 5 major medical journals including New England Journal of Medicine (NEJM), British Medical Journals (BMJ), Annals of Internal Medicine (AIM), Lancet, and Journal of American Medical Association (JAMA), and (ii) the Cochrane Database of Systematic Reviews (CDSR). Systematic reviews in top medical journal tend to represent important or hot topics while those in the CDSR may provide a good complement and have more readily accessible data for analyses.
Major medical journals
PUBMED was searched on Jan 2013 to identify systematic reviews and metaanalyses in the five journals. Key words used in the search strategy included ''systematic review'', ''meta*analys*'', and ''pooled analys*'', with restriction to the 5 journals and publications between 1 Jan 2001 and 31 Dec 2010. A total of 1,515 citations were identified and screened for eligibility based on their titles and abstracts. Full texts were downloaded for the included entries and scrutinized for identifying eligible systematic reviews.
Cochrane Database of Systematic Reviews
Information of all articles published in the CDSR before Jan 2013 was extracted from PUBMED using journal title search through Endnote. There were 8,600 published articles in the CDSR and 860 (10%) of them were randomly selected for the current study. The titles and abstracts of these 860 articles were first screened for eligibility. Then, full texts of the included articles were downloaded and screened for identifying relevant meta-analyses.
Only systematic reviews of randomized controlled trials were included and the control group should be placebo, no intervention or usual care as the comparison treatment. Systematic reviews that compared two or more active treatments were excluded. In general, one meta-analysis was selected from one systematic review except the systematic review that compared two or more treatments with the same placebo or no treatment control, from which two or more meta-analyses may be included. The meta-analysis of primary outcome was included. If there were more than 1 primary outcome, hard outcome was selected. If the primary outcome was not clearly specified, the meta-analysis of the first outcome was used. The metaanalysis must have at least 2 trials in it. Only binary and continuous outcomes were considered for this study. The details of literature search and results at each step are shown in Figure 1 .
Data extraction
From each eligible meta-analysis included, the names of the first author and publication years of individual trials in the meta-analysis were extracted. For meta-analyses with a binary outcome, the number of subjects randomized and events in both the treatment and control group (i.e. the 262 table) were extracted for all trials. For meta-analyses with a continuous outcome, the total number of subjects, mean and standard error of both comparison groups were extracted. In case the raw data were not available, the effect and standard error of each trial were extracted.
Statistical methods
The odds ratio was used as effect measure for all meta-analyses with a binary outcome and the mean difference or standardized mean difference for a continuous outcome depending on the effect measure used in the original metaanalysis. The trials in each meta-analysis were sorted according to the publication year in a chronological order and then the name of the first author in alphabetical order if there were 2 or more trials in a year. The first trial of a meta-analysis is defined as the earliest published study.
DerSimonian & Laird random effects model was used for combing the effects from individual studies [13] . Statistical significance was defined as p,0.05 unless otherwise specified differently.
The qualitative agreement between the first trial and its corresponding metaanalysis is defined as:
N When the effect of the first trial is statistically significant, it is considered in agreement with the meta-analysis qualitatively if the combined effect of the meta-analysis is also significant and in the same direction (i.e. both odds ratios are above or below one). Otherwise, the trial is considered to disagree with the meta-analysis qualitatively. This definition was used in comparing large trials and meta-analyses [14] but we combined in our analyses both ''partially agree'' and ''disagree'' into the ''disagree'' category. So our agreement is defined more stringently.
N When the effect of the first trial is statistically insignificant, it is considered in agreement with the meta-analysis qualitatively if the combined effect is also insignificant regardless its direction. Otherwise, the first trial is considered to disagree with the meta-analysis qualitatively. Although it is also important to know how often the single trial would agree with the meta-analysis when there is statistically insignificant and clearly lack of benefit, we did not define this category as it is subjective to define what constitutes lack of benefit. We used statistical significance rather than confidence interval to define when the evidence is sufficient for action as the latter is context-dependent and further subject to personal judgment.
We stratified the meta-analyses according to the result of the significance test of the first trial into two categories: statistically significant (P#0.05) and statistically insignificant (p.0.05). The agreement rate in the effect were computed and compared according to (i) the number of trials in the meta-analysis, (ii) the publication time of the first trial, (iii) the outcome type, and (iv) the effect size of the first trial in terms of the odds ratio. The mean difference and standardized mean difference were converted to an odds ratio by using the formula suggested by Borenstein [12] . The Chi-square test was used to examine the association between the agreement and it possible determining factors, while the Krustal- Wallis test was used to examine the difference of the medians between the categories of a factor. We also examined the ratio of the standard error of the meta-analysis to the first trial.
Sensitivity analyses were conducted by (i) changing the statistical significance for the first trial from p#0.05 to p#0.01, (ii) replacing the first trial by the last trial, and (iii) replacing the first trial by any randomly selected trial. For conducting (iii), we performed a simulation study in which we randomly selected a trial from each meta-analysis and compared its result with the meta-analysis. The whole process was repeated 10,000 times and hence 10,000 sets of results were obtained. The median agreement rates with their inter-quartile ranges were computed. The computation and simulation of meta-analyses were performed by using IML of Statistical Analysis System (SAS) [15] while the tests were conducted by using Proc FREQ and Proc NPAR1WAY in SAS.
Results Figure 1 shows the flow of literature search and publications identified at each step of the search. We scrutinized a total of 1515 citations from the 5 journals identified through MEDLINE and 860 citations randomly selected from all 8600 citations in the CDSR. 309 meta-analyses (extracted from 218 relevant systematic reviews) from the 5 journals and 338 from the CDSR were found eligible and included in the final analyses of this study. Details of the included systematic reviews are summarized in Table S1 . Table 1 summarized the characteristics of the 647 meta-analyses included in the study according to where they were identified. It is worth to note that the percentage of meta-analyses with the first trial statistically significant is similarly for both sources of systematic reviews: 36.6% for the journals and 35.5% for the CDSR. Meta-analyses from the journals tend to have a larger number of trials in each and their combined effects are more likely to be statistically significant than those from the CDSR. In total, 36.0% of meta-analyses have the first trial statistically significant and 57.2% of the combined effect of the meta-analyses is statistically significant. The median (Q1-Q3) number of trials in the metaanalyses with the significant and insignificant first trial are 5 (3-8) and 5 (3-9) respectively. From Mann-Whitney U-test, there is no significant difference between the number of trials in the two comparison groups (p50.870). Table 2 shows the agreement rate between the first trial and its corresponding meta-analysis. Overall, the first trial, if statistically significant, agrees with the meta-analysis in 196 or 84.1% of the cases (95% C.I.: 79.4%, 88.8%). In terms of the direction of the effect, the first trials agrees with 99.1% (97.9%, 100%) their corresponding meta-analyses.
When the first trial is statistically insignificant (n5414), it agrees with the metaanalysis in 240 or 57.9% (95% C.I: 53.2%, 62.8%). For the remaining 174 metaanalyses with the first trial statistically insignificant, 155 (89.1%) were statistically significant and with the combined effect in the same direction as the first trial, and 19 (10.9%) were significant but with the combined effect in a direction different from the first trial.
For both significant and insignificant first trials, the agreement rate between the trial and meta-analysis remain very similar regardless of the number of trials in the meta-analysis, outcome variables used, year of publication of the first trial, and size of the effect of the first trial. One major exception is that when the first trial is insignificant, the agreement rate tends to decline considerably as the number of trials is increased.
In sensitivity analyses, we set the significance level for the first trial at p#0.01 as the cutoff. The overall agreement rate is slightly increased from 84.1 to 85.4% (79.8%, 91.1%) if the first trial is significant and slightly decreased from 57.9% to 51.3% (46.9%, 55.7%) if the first trial is insignificant. Furthermore, if the first trial is replaced by the last trial or any randomly selected trial in the meta-analysis, the agreement remained largely the same. In particular, the overall agreement rate is 83.7% (inter-quartile range (IQR): 78.8%, 88.6%) if the last trial is significant and 56.8% (IQR: 52.1%, 61.5%) if the last trial is insignificant. The overall agreement rate is 83.0% (IQR: 81.9%, 84.1%) if the randomly selected trial is significant and 56.8% (IQR: 56.0%, 57.3%) if the selected trial is insignificant. Finally, Figure 2 showed the number of years that was needed from the first to the 5th in the meta-analyses with 5 trials or more in each. The median is 6.5 years from the first to the 5th trial. Similarly, we estimated that it took an average of 11 years from the first to the 10th trial (details not shown).
Discussion
By reviewing 647 meta-analyses, we found that if the first trial (or the last trial or any trial in hand) reported a statistically significant result, its qualitative conclusion that the treatment is effective (or harmful) is very likely to be correct. These significant first trials represent some 36% of all the 647 meta-analyses examined in this study. When the first trial is significant, its effect is almost always in the same direction as that of the corresponding meta-analysis. P Chi is the p-value from the Chi-square test, and* indicates the trend test is also significant; P NP is the p-value of the non-parametric test for median; #, median absolute z-score for the combined effect of the meta-analysis and the effect size of standardized mean difference or mean difference was converted to odds ratio by using standard formula. Importantly, the agreement between the first significant trial and its corresponding meta-analysis is as good as, if not better than, that between the large trial and its corresponding, which is 82% and 80% in studies conducted by Cappelleri [16] and LeLorier [17] respectively. Large trials generally are much more time-consuming and expensive to conduct than an average trial. On the other hand, if the first (or the last trial) reported a statistically insignificant result, the conclusions is equally likely to be wrong or right, implying in such a circumstance more trials would be needed in order to draw a valid conclusion.
For example, Spiedel and Bloom showed in 1983 as the first trial on the topic that psychosocial intervention was effective to reduce pain in patients with cancer [18] . Almost thirty years later after the first trial, Gorin and colleagues summarized in 2012 all 28 trials on the topic and concluded the intervention was effective. Given the unlikely adverse effect of such interventions, the treatment could have well been adopted more than twenty years ago based on the positive result of the first trial.
These results raise an important question about the current unsystematic approach to getting research evidence to practice. Meta-analysis is widely believed to provide the best evidence for medical decisions and often required by clinicians and guidelines and policy makers [19] . However, when the first trial is statistically significant, new trials are unlikely to change the conclusion of the first trial whether the treatment be effective (most of time) or harmful (occasionally). Having said that, it is likely that an intervention may be more effective in some circumstances than others and subsequent trials are needed to address this issue. However, it is very likely that such clinical heterogeneity is suspected only many years after the treatment has been used in practice. Put it differently, the argument for testing clinical heterogeneity should not be used as an excuse for no action when the first trial is statistically significant. The contrary is probably true: the earlier an effective treatment is introduced into practice, the sooner clinical heterogeneity can be detected and subjected to further evaluation in trials.
Moreover, our study also showed it could take a median of 6.5 years before 5 trials in a topic can cumulate and 11 years before 10 trials can accumulate. In extreme cases, new trials are still being conducted some 30 years after the first trial showed clearly the treatment was effective [7, 8] . There is generally no consensus on how many trials would be required in a meta-analysis before a reliable conclusion can be drawn in a meta-analysis. Given the fact that clinical decisions are often made based only on the qualitative information in which treatments are divided into effective and ineffective, it seems recommendation based on the first trial with a statistically significant result is justified and will be mostly correct. Nevertheless, it is clear that each recommendation should be considered independently and sometimes quantitative information on the effectiveness is critical in decision making.
In addition, our study also showed that the standard error of the meta-analysis would be around half (ie, 53%) of that of the first significant trial. In other words, the width of the 95% confidence interval of the combined estimate would be around half of the width of the 95% C.I. from the first trial.
Furthermore, often what the physician has got in hand is the most recently published trial (which we call the last trial). Again, if the last trial conveniently available showed a statistically significant result, the conclusion that the treatment is effective or harmful is very likely to be as good as that from the meta-analysis that combines all the relevant studies. In such circumstances, the clinician should feel almost as confident as having a meta-analysis in hand, which will save the effort of finding the meta-analysis or more trials.
Our study also showed that if the first trial showed a statistically significant result, a meta-analysis of the first few trials would be sufficient to draw a conclusion that is as good as that of a meta-analysis of 8 trials or more. This is largely consistent with the results of a recent study that showed first five trials combined would be good enough to draw a valid qualitative conclusion [11] . This showed that, in many cases, only a few trials were necessary before getting a reasonably robust answer and, in most cases, five or more trials would be all that is needed to give good confidence that the answer is valid, but it is difficult to predict when the result of the meta-analysis will change and it will not. Our result suggested that, if the first trial is significant, the result of the meta-analysis is very likely be significant and in the same direction. More conveniently for decision makers, any significant trial in had would be able to predict very reliably the result of future meta-analysis.
Some would argue that the first significant trial predicts well the result of the corresponding meta-analysis may be partly because positive trials tend to attract more attention and subsequent studies to confirm the results. However, we found the median, lower quartile and upper quartile of the number of trials included in the meta-analyses for the first positive and negative trials are not significantly difference.
These findings seem to land further support for the idea of rapid reviews in which a quick search of literature that can identify a few relevant trials without exhausting all relevant ones would be good enough. More studies are deserved to further look into the issue.
One the other hand, when the first trial is insignificant, 57.9% of the corresponding meta-analyses would also be insignificant or, put it differently, 42.1% of the corresponding meta-analysis would become statistically significant. It emphasizes the message that when the first trial is statistically not significant, there is still over 40% chance that the combined result from many trials can be significant. This is exactly the reason for conducting meta-analyses and increasing the power by combining many small individual studies. For example, Furukawa and colleagues [20] conducted a systematic review and meta-analysis involving 1160 subjects on the effect of low dosage tricyclic antidepressants in depression and concluded the effect was statistically significantly better than placebo. The first study in the meta-analysis was conducted by Tetreault and colleagues in 1966 [21] involving only 22 subjects but the result was however statistically nonsignificant. Intuitively, our study suggests that the type I error of using the first trial to predict the corresponding meta-analysis is 16%
This analysis is based on 647 meta-analyses. We included any meta-analyses with 2 or more trials. The meta-analyses are from different fields and hence represent various clinical situations. The odds ratio was used instead of risk difference for binary outcome since relative effect measures tend to be more homogeneous [22] .
There are some concerns about the validity of the findings. First, the first trials from meta-analyses used in this study do not include those for which no metaanalyses have been conducted. It is probably reasonable to hypothesize that the first trials that have a very large and conclusive effect would in general discourage more trials on the topic to follow. Furthermore, if indeed a few trials have been conducted and shown conclusively a large effect, a meta-analysis may not be conducted. As a result, the first trials we included may have relatively a smaller and less conclusive effect than all the first trials. If this is true, the agreement rate between the first significant trials and its corresponding meta-analyses would be probably even higher than we observed in this study. Second, it is also possible that the effect of the first trial may be in a different direction from the meta-analysis, namely the first significant trial showed the treatment was effective but the meta-analysis showed it is harmful, or vice versa. Such cases however did not exist in the 647 meta-analyses we examined.
Third, due to selective publication it is likely that subsequent trials with negative results are less likely to be published than positive trials when the first trial is positive [23, 24] , which may have made the meta-analysis more likely to agree with the first significant trial. However, we have not found any empirical evidence for a fair judgment about the possible bias thus induced. However, significant results of meta-analyses might be more welcome by journal editors and hence publication bias of meta-analyses cannot be ruled out.
Moreover, when no primary outcome was specified in the systematic review, we used the first reported meta-analysis in the review. It is possible that the first reported meta-analysis is likely to be statistically significant and hence selection bias may result, although we have not seen direct evidence to support this assumption. Defining primary outcome(s) for systematic reviews and metaanalyses is required by the Cochrane Collaboration [25] and suggested by the QUOROM Statement [26] as well as PRISMA Guidelines [27] . Thus, it is true that an increasing number ofsystematic reviews published after 2000 defined their primary outcomes.
Before we conclude, one important issue must be re-visited. That is when the evidence on the effectiveness of a treatment would be sufficiently good so that recommendation is justified. A significant trial has 80-90% chance of agreeing with the meta-analysis. Is this good enough? Are additional trials and metaanalysis still necessary in such a case? It probably depends. The best is the enemy of the good. If we wait for the best, we may never be able to act as definite evidence can rarely or never be reached as regards the effectiveness of medical interventions. Even a higher certainty such as 95% will be still an arbitrary choice.
85% certainty is in many medical circumstances probably good enough for action. For example, Spiegel and Bloom showed in 1983 as the first trial of its kind that psychosocial intervention was effective to reduce pain in patients with cancer [18] . Twenty-years later since the first trial, Gorin and colleagues summarized in 2012 all 28 trials on this topic and concluded the intervention was effective. Given the unlikely of adverse effect of such interventions, the treatment could have well been adopted 29 years ago. However, it needs to be born in mind that there is still 15% chance that the treatment can be ineffective and hence cautions should be taken wherever deemed necessary.
Real practice seems also to be in line with our conclusion. For example, the US FDA normally does not require for a meta-analysis for approving a new drug: the first high quality, positive trial(s) are all needed. At most, such trials have a certainty of some 85% as we demonstrated. Furthermore, by using less stringent agreement criteria than ours, JAMA in 1996 [16] and NEJM in 1997 [17] found only some 80% large trials agreed with meta-analyses; large trials which are often highly emphasized agree with meta-analyses less often than single significant trials. Clinical Evidence showed that in real practice, some 50% of commonly used interventions are of uncertain effect and continue to be widely used.
In conclusion, the qualitative conclusion of the first trial or any significant trial conveniently in hand that a treatment is effective or harmful is most likely correct and the true effectiveness is probably even larger. In this case, recommendations based on the first significant trial seems justified particularly in some urgent, lifesaving or other critical circumstances, such as SARS and Ebola virus infection, for which currently no effective treatments are available and it could start introduction of an effective intervention many years earlier. Conversely, when a trial is statistically insignificant, more trials would be needed in order to draw a valid conclusion.
Our findings also call for attention to a more general question when research evidence should be considered sufficient for action and support the need for further exploration of the idea of rapid reviews which may speed up the review and provision of evidence for medical decision making. Table S1 . Reference list of included systematic reviews. doi:10.1371/journal.pone.0113994.s001 (DOCX) Author Contributions
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